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Thirty days after grafting guinea pig skin onto con-
genitally athymic (nude) mice, the xenografts and con-
tralateral nude mouse skin were inoculated with Tricho-
phyton mentagrophytes. Dermatophytosis, as evidenced 
by erythema (day 7), crusting and scaling (day 14), de-
veloped in all inoculated xenografts, but not in the in-
oculated nude mouse skin. 
Microscopic examination and culturing of biopsies of 
the infected xenografts demonstrated that the T. men-
tagrophytes infection persisted for 58 days and that hy-
phal invasion was restricted to the dead, keratinized 
layers of the xenograft epithelium. An acute epithelial 
inflammation was observed microscopically in an early 
xenograft biopsy (day 8), but not in biopsies of chroni-
cally infected xenografts. Epidermal hyperplasia and 
hyperkeratosis were observed in all infected xenografts. 
The nude mouse skin adjacent to the T. mentagrophytes-
infected xenografts was not invaded by the fungi during 
the observation period (58 days). 
This in vivo model of chronic dermatophytosis in 
guinea pig skin grafts on nude mice suggests that thy-
mus-dependent cell-mediated immunity is not required 
to: (i) limit invasion of T. mentagrophytes to the dead, 
keratinized layers of the skin; (ii) induce acanthosis and 
hyperkeratosis in the T. mentagrophytes infected skin; 
or (iii) evoke an acute, transient inflammatory response 
into the T. mentagrophytes infected epidermis (day 6-8). 
These results are consistent with a hypothesis that thy-
mus-dependent acquired immunity is required to sustain 
epidermal inflammation, damage the epidermis, and 
eliminate T. mentagrophytes from the keratinized epithe-
lium. 
The relative contribution of acquired immunity, either anti-
body-mediated (AMI) or cell-mediated (eMI) , to the patho-
genesis and/or resolution of dermatophytosis is not understood. 
Dermatophyte infections usually remain localized in the dead, 
keratinized layers of the epidermis, yet they initiate systemic 
anamnestic responses, that are detectable by reinfection, intra-
dermal skin testing with trichophytin, or in vitro lymphocyte 
blaGtogenesis to specific fungal antigens [1-3]. Based largely on 
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the delayed hypersensitivity skin test response that is evoked 
to trichophytin following a dermatophyte infection, it has been 
widely conjectw-ed that eMI (T-cell-mediated) is responsible 
for acquired immunity to dermatophytoses in the normal host 
[3-5]. In addition, specific eMI deficiencies or anergy to corre-
lates of cell-mediated immunity, have been associated with t he 
susceptibility of humans to duonic dermatophyte infections [6-
10]. 
The guinea pig has been the most widely studied experimen-
tal model of dermatophytosis because it is susceptible to cuta-
neous infection with dermatophytes isolated from human infec-
tions and delayed hypersensitivity (cutaneous basophil hyper-
sensitivity) can be evoked by skin testing sensitized animals 
with trichophytin [I,ll]' The primary limitation of the gu inea 
pig model of dermatophytosis is that cutaneous infections clear 
spontaneously (3-4 weeks), whereas chronic infections are often 
observed in humans. 
We have been studying various aspects of innate and 
acquired immunity to pathogenic fungi in congenitally athymic 
(nude) mice. However, BALB/c nude mice and t heir hetero-
zygous (euthymic) littermates are sw-prisingly resistant to cu-
taneous infection with T. mentagrophytes (unpublished re-
sults) . Many investigators have demonstrated that nude mice 
are unable to reject allogenic or xenogenic skin grafts [12-16]. 
Only a few studies have investigated the susceptibili ty of xen-
ografts on nude mice to microbial infection [17,18] or other skin 
diseases [19]. Therefore, we decided to graft guinea pig skin 
onto nude mice and determine if the xenografts would retain 
their inherent susceptibility to dermatophytosis and perhaps 
abrogate the apparent innate resistance ofBALB/c nude mouse 
skin to T. mentagrophytes. 
The results presented in this study demonstrate that T. 
mentagrophytes chronically infects guinea pig skin that has 
been grafted onto nude mice. In spite of persistent (58 days) T. 
mentagrophytes invasion of the keratinized epithelium of the 
xenograft, the nude mouse skin immediately adjacent to the 
xenografts did not become infected. Thus, the congenitally 
athymic BALB/c nude mouse, which is apparently resistant to 
experimental cutaneous T. mentagrophytes dermatophytosis, is 
unable to clear a T. mentagrophytes infection initiated on 
grafted guinea pig skin. 
MATERIALS AND METHODS 
Mice 
Congenitally athymic {nu/ nu} mice (6-8 wk of age) were selected 
from a stock of defined flora mice which has been backcrossed in to the 
BALB/ c strain. Nude mice were fed sterilized PUl'ina 5010C feed 
{Ralston PW'ina Co., Inc. , St. Louis, MO} , sterile water and housed ill 
a laminar flow hood. 
Shin Gra(ting 
Full thickne s punch biopsies (8-mm in diameter) of normal abdom-
inal skin were obtained from 250 gm Haltley strain guinea pigs. Mice 
were anesthetized with pentobarbital and graft beds were prepared on 
the right dorsolateral thorax. Xenografts were secured with cyanoac-
rylate cement (Crazy Glue, Chicago, IL) and bandaged using the 
procedure of Manning and Kruger [20]. 
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Organism and Infection 
Thirty days after grafting, Trichophyton mentag rophytes var. gran-
ulosum (ATCC 18748) was applied directly (without occlusion) onto 
the guinea pig xenografts (hairs clipped) and the contralateral shoulder 
of the nude mice, by rubbing hyphae and spores from a 2 week plate 
culture onto the skin with a cotton t ipped swab [1). Animals were 
observed daily for macroscopic evidence of inflammation, crusting and 
scaling. 
Histopatho logy and Culturing 
At days 8, 22, 44 and 58 after inoculation, xenografts and adjacent 
nude mouse skin were biopsied for histology and culturing on Sabour-
aud's dextrose agar plates. Tissue biopsies were fixed in HoLla nde-
Bouin 's fixative for 24-48 hr [21], dehydrated and embedded in either 
paraffin for routine sectioning or glycol methacrylate plastic (Polysci-
ences, Warrington, PAl for sectioning on a JB-4 microtome (SOl·vail, 
Newtown, CT). Sections were stained with either periodic acid-Sch iff 
(PAS) stain to demonstrate fungi or with Azure A-Eosin B [21] to 
differentiate inflammatory leukocytes and mast cells. 
RESULTS 
Survival of Skin Grafts 
Grafting success was judged by both macroscopic and micro-
scopic examination of the xenografts. One week after 
transplant, hair eruption was evident on most of the xenografts. 
All grafted nudes maintained a viable piece of guinea pig skin 
(Fig 1) throughout the observation period (~ 80 days) without 
signs of rejection; however, some grafts gradually became 
smaller, ostensibly due to competitive infiltration of mouse 
skin. 
Persistence of the T. mentagrophytes Infection 
Xenografts and the opposite shoulder on the nude mice were 
inoculated with T.. mentagrophytes (spores and hyphae) 30 
days after grafting. All inoculated xenografts (6/6) were ery-
thematous at day 7; however, the inoculated nude mouse skin 
(on the shoulder opposite the xenograft) of each animal ap-
peared macroscopically normal. A tissue biopsy taken 8 days 
postinfection· revealed masses of hyphae in the stratum cor-
neum and hair follicles of the xenografted skin (Fig 2) . No 
hyphae were observed in nude mouse skin that was adjacent to 
the infected xenograft. 
Fourteen days after inoculation, the xenografts were scaly 
and crusty (white) from fungal overgrowth . A graft biopsy (day 
22) revealed masses of hyphae and spores that were confined to 
the stratum corneum and hair follicles of th e xenograft. 
Histologic\ sections (PAS-stained) of xenograft biopsies from 
each of 3 mice killed on days 44 and 58 revealed the presence 
of masses of hyphae and spores in the stratum corneum and 
hair follicles. In addition, biopsies of xenografts from animals 
F I C I . Typical guinea pig ski n xenograft on the back of a nude (nu l 
nul mouse (-30 days after grafting). 
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FIG 2. Histopathology of T . mentagrophytes-infected gu inea pig 
skin graft (day 8 postinoculation). Hyphae have invaded the stratum 
corneum and hai.r follicles of the acanthotic epi thelium and the papil-
lary dermis is infil trated with neutrophils (w.,.ows) (PAS, X 100). 
that were killed 58 days after challenge were culture positive 
for T. mentagrophytes. 
Histopathology of Shin Xenografts 
Biopsies of uninfected or T. mentagrophytes in fected xeno-
grafts and adjacent nude mouse skin were examined microscop-
ically in order to characterize and compare the host-mediated 
inflammatory responses. 
The dermis of the uninfected xenografts (biopsied 30, 59, and 
80 days postgrafting) was infiltrated with a chl·onic influx of 
mononuclear cells, small lymphocytes and mast cells, presum-
ably of mouse origin (Fig 3). The dermal connective tissue of 
the nude mouse skin adjacent to the xenografts gl"adually 
invaded the guinea pig dermis. This invasion of the xenografts 
by mouse tissue was more evident in older grafts and may have 
contributed to the gradual retraction or shrinkage of xenografts 
that we and others [13,15,16] have observed on nude mice. 
In contrast to the uninfected xenografts, an acute inflamma-
tory exudate into the keratinized epithelium was observed in 
the infected xenograft biopsied 8 days after inoculation with T. 
mentagrophytes (Fig 4 and 5). This microscopic inflammation, 
primarily neutrophils (PMN's), correlated temporally with the 
macroscopic erythema we observed in all T. mentagrophytes-
infected skin grafts 6-7 days after initiation of the cutaneous 
infection. Although a few PMN microabscesses were observed 
at the dermal-epidermal junction of one later biopsy (day 44), 
the acute transepithelial inflammatory exudate (day 8) was not 
observed in subsequent biopsies of T. mentagrophytes-infected 
skin grafts (days 22, 44, and 58). 
A chronic inftltration of mononuclear cells and mast cells was 
observed in the papillary dermis of the T. mentagrophytes-
infected xenografts (days 22, 44, and 58). This chronic inflam-
mation of the upper dermis was not observed in uninfected 
xenografts (Fig 3). 
The epidermis of the T. mentagrophytes-infected xenografts 
became progressively hyperplastic and acanthotic and at 58 
days after infection (Fig ·6) was many cell plates thicker than 
xenograft biopsies taken during the early stages on infection 
(day 8, Fig 2) or from 80 day (postgrafting) uninfected (control) 
biopsies (Fig 3). 
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DISCUSSION 
Our results demonstrate t hat guinea pig skin transplanted 
onto nude mice retains its inherent susceptibili ty to infection 
with T . mentagrophytes. The disease evoked in the infected 
xenografts mimics certain characteristics of a primal'Y T. men-
tagrophytes infection of guinea pigs (1) : (i) the T . mentagro-
phytes hyphae aTe restricted to the dead, keratinized layers of 
the guinea pig epidermis, (ii) the epidermis of infected guinea 
pig skin undergoes increased mitosis and hyperkeratosis, and 
F IG 3. B iopsy of an uninfected guinea pig skin graft from a nude 
mouse 80 days a fter grafting. The dermis is well vascularized and 
murine mast cells (arrows) are a bundant (PAS, X 100) . 
FIG 4. Histopathology of T. m.enlag r ophy l es- infected guineapig skin 
gra ft (day 8 postinoculation). There is an acute necrotic inl1ammatory 
exudate, conta ining neutrophil , in the stratum corneum of the para-
keratotic epithelium. Hyphae (lightly stained) persist throughout the 
stratum corneum and in hair follicles (arrows) (Azure A-Eosin B, X 80). 
FIG 5. Histopathology of T . m entagrophy tes-infected guinea pig 
skin graft (day 8 postinocu lation) . An epidermal microabscess (PMN's) 
can be seen immediate ly adjacent to fu ngal hyphae (arrows) invading 
the stratum corneum (PAS, X 1,350). 
FIG 6. Histopathology of T. Inentagrophytes- infected guinea pig 
, kin gra ft (day 58 a fter inoculation) . The stratum corneum is hyper-
keratotic and t he viable epidermis is hyperplastic. Hyphae are re-
,tricted to the keratinized epithelium (0) (PAS, x 80). 
(iii) an acute inflammation of the epidermis is evoked by the 
T. mentagrophytes within 1 week postinoculation. In contrast 
to the self-limiting T. mentagrophytes dermatophytosis in 
guinea pigs [1], the infected guinea pig skin grafts on nude mice 
did not manifest a persistent inflammation or ulceration of the 
infected epidermis, and the T . mentagrophytes was not elimi-
nated from the keratinized epithelium dming the 58 day obser-
vation period. 
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An increased rate of epidermal mitosis is thought to contrib-
ute to the elimination of dermatophytes from infected skin 
[22]. Our observation of acanthosis, hyperkeratosis, and par-
akeratosis in crn'onically infected xenografts suggests that an 
increased rate of epidermal mitosis alone is insufficient to 
resolve T . mentagrophytes dermatophytosis. Sohnle, Frank, 
and Kirkpatrick [23] have postulated that increased epidermal 
mitosis during experimental Candida albicans infection of 
guinea pig skin may be mediated by lymphokines released by 
lymphocytes into the lesion site. In addition, Korszun, Wilton, 
and Johnson [24] have demonstrated that intradermal injection 
of lymphokines induces inflammation and acanthosis of guinea 
pig skin in vivo. The hyperplasia and hyperkeratosis we ob-
served in T. mentagrophytes-infected guinea pig skin on nude 
mice excludes the induction of epidermal mitosis by thymus-
matured nude mouse T-Iymphocytes; however, we cannot ex-
clude the induction of epithelial mitosis by immunocompetent 
passenger T-IYmphocytes from the donor. Our observations are 
more consistent with those of Krueger and Shelby [12] who 
recently demonstrated that foreign skin grafts on nude mice 
retain their inherent proliferative response to chemical agents 
which evoke epidermal acanthosis in vivo. Thus, innate physi-
ologic or compensatory epidermal hyperplasia, in response to 
the toxicity or trauma of the T. mentagrophytes infection in 
the stratum corneum, is an alternative mechanism to account 
for the acanthosis and hyperkeratosis we observed in the guinea 
pig skin grafts [25]. 
The nude mouse skin surrounding the T. mentagrophytes-
infected xenograft was not invaded by hyphae during the 58-
day observation period. We have been unable to induce T. 
mentagrophytes dermatophytosis on nude mouse skin . Kligman 
[26] has reported that the skin of mice a nd rats is only suscep-
tible to experimental T. mentagrophytes infection during t he 
active growth stage (anagen) of the hair cycle. Although nude 
mice do have hair cycles, the hairs break off near the skin 
surface due to abnormal sh aft keratinization [27]. This abnor-
mal keratinization 'could account' for the apparent resistance of 
nude mouse skin to T. mentagrophytes dermatophytosis. 
Drouchet et a l [28] concluded that the skin of nude (nu/ nu) 
mice, hairless mice and nude rats was not susceptible to Pity, 
rosporum ovale-induced dermatit is due to the dystrophy of 
pilous follicles and sebaceous glands. 
The observation that these crn'onic T . mentagrophytes infec-
tions of xenografts on athymic nude mice remain localized in 
the keratinized epidermis of the xenograft infers that there are 
at least two independent mechanisms of immunity to derma-
tophytosis: \(i) The innate barrier of the epidermis to hyphal 
invasion- possmly mediated by fungistatic serum factors [29-
31), and (ii) acquired immunity which is dependent upon T-
cell-mediated delayed hypersensitivity (DTH) or cutaneous 
basophil hypersensitivity (CBH) to fungal antigens [1,3,11]' 
This cutaneous hypersensitivity has been shown to mimic con-
tact sensitivity to chemical haptens and damage the intact 
epidermis [1,32,33]. Thus, the optimal host response r equired 
to terminate these superficial fun gal infections may be the 
synergistic a nd controlled expression of both innate and ac-
quired immune mechanisms. 
It is interesting that we oQserved macroscopic (days 6-7) and 
microscopic (day 8) evidence of an acute (neutrophilic) , but 
transient, inflammatory response in the T . mentagrophytes-
infected xenografts. Sulzberger [34) proposed in 1950 th at the 
diseases produced by the dermatophytes were probably not 
caused by fungal toxins, but were most likely caused py hyper-
sensitivity to fungal allergens. Similarly, Jones [35] concluded 
that the cell-mediated immune (CMI) response to trichop hytin 
produces essentially a ll the inflammation at the dermatophyte 
infected site . Kligman [22], on the other ha nd, concluded that 
the tissue reaction a nd inflammation evoked during tinea cap-
itis due to M. alldollinii in childTen was caused by fungal toxins 
and not hypersensitivity. We have described an acute, PMN 
inflammatory response during primary T. menlagrophytes in-
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fec tion of conventional a nd germfi'ee gu inea pigs (days 5-9 
postinocula tion) [1,32]. We were unable to exclude either: (i) 
primary irritant dermatitis to toxic fungal products, or (ii) local 
contact hypersensitivity to soluble fungal antigens, as the causal 
mechanism of this early inflammation [1]. In light of the ina-
bility of nude mice to manifest contact hypersensitivity [36], 
t he acute inflammation (day 6-8) and the chron ic pathological 
alterations of the epithelium observed in t hese T. menlag ro-
phytes infected xenografts on nude mice are more consiste n t 
with the production of toxic products by the fungi. Hay a nd 
Wuepper [37] and Sohnle, Frank, a nd Kirkpatrick [23] have 
described an acute neutrophilic (1 MN) response to Candida 
albicans infection mediated by di.rect activation of complement. 
Thus, toxic or inflammatory products elaborated by T. menta-
grophytes during infection could account for the clinical mani-
festations of chronic dermatophytosis observed in humans with 
cutaneous or systemic anergy (defective CM!) to trichophytin 
as proposed by Kligman [26]. It is paradoxical that this ac ute 
intlammatory exudate did not persist in the chronically infected 
xenografts; however, the thickening epidermis may become a 
barrie r to toxic fungal products and abrogate the inflammation. 
In summary, we have demonstrated that congenitally 
athymic nude mice aTe unable to clear an experimental, cuta-
neous T. mentagrophytes infection initiated on guinea pig skin 
grafts. Hyphal invasion was restricted to the dead, keratinized 
layers of the xenografts, and no chronic intraepidermal infla m-
matory response appeared to persist against the superfi cial 
fun gal infection . Thus, we conclude that a sustained, thymus-
dependent, cell-mediated innammatory r esponse into the der-
matophyte infected epidermis is requi.red to resolve these su-
perficia l fungal infections. The broader significance of our study 
is that foreign skin transplants (including human) on nude mice 
offers a new and unique experimental model for investigating 
t he immunopathogenesis and chemotherapy of chronic der-
matophytoses in vivo. 
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Langerhans Cells as Stimulator Cells in the Murine Primary Epidermal 
Cell-Lymphocyte Reaction: Alteration by UV-B Irradiation 
WERNER ABERER, M.D., GEORG STINGL, M.D., LAURA A. STINGL-GAZZE, A.B., AND 
KLAUS WOLFF, M.D. 
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I region dependent functions of immunocompetent 
cells, Le., induction of antigen specific, allogeneic and 
syngeneic T cell activation, have been reported to be 
highly UV susceptible. Since ' the epidermis is the only 
tissue which is naturally exposed to UV-irradiation, we 
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Abbreviations: 
aELR: a llogeneic epidermal cell-lymphocyte reaction 
aMLR: allogeneic mixed leukocyte reaction 
C': complement 
EC: epidermal cell 
ELR: epidermal cell-lymphocyte reaction 
Ia antigen: immune response-associated antigen 
LC: epidermal Langerhans cell 
MHC: major histocompatibility complex 
mJ /cm2: milli -Joules per squal'e centimeter 
MLR: mixed leukocyte l'eaction 
NMS: normal mouse serum 
sELR: syngeneic epidermal cell-lymphocyte reaction 
sMLR: syngeneic mixed leukocyte reaction 
UV: ultraviolet ligh t 
UV -B: ultraviolet B , 290-320 nm 
conducted experiments to investigate whether murine 
epidermal cells (EC), particulal·ly la-positive Langer-
hans cells (LC), could induce syngeneic and allogeneic T 
cell activation and, if so, whether these functions could 
be altered by UV-irradiation. 
Epidermal cell-lymphocyte cultures (ELR) were estab-
lished using either nonirradiated or irradiated (1-40 mJ/ 
cmz UV -B) Balb/c (H_2d) EC as stimulator cells and either 
Balb/c or C57Bl/6 (H_2 b) purified T lymphocytes as r e-
sponders. 
Balb/c EC not only induced a vigorous proliferative 
response in C57Bl/6 T cells (peak response: day 5-6) but 
also substantially stimulated syngeneic T cells (day 7-9). 
Pretreatment ofEC with specific anti-Ia serum plus com-
plement abolished their stimulatory capacities which 
demonstrates that LC are of critical importance in these 
reactions. UV-B irradiation of EC resulted in a dose-
dependent reduction of their ELR-stimulatory capaci-
ties. UV-B doses which virtually abolished the ELR stim-
ulatory capacity of LC did not affect EC viability and 
only marginally reduced the protein synthesizing capac-
ity ofEC. 
The finding that I region dependent LC functions are 
particularly UV-susceptible may provide a useful tool 
